in the asymmetric unit of (II) receives a second interaction from chlorine atom that, however, has negligible contribution portion in the total interactions (evaluated by fingerprint plot) in the crystal. On the other hand, this chlorine affects the geometry at the Sn atom and causes the open C-Sn-C bond angle (of 140.18(24)°). For both structures, the contribution of H…H contacts to the total interaction is decisive, being 59.1 % for (I) and 73.9 % for (II); so that the one distinct spike observed in each of the fingerprint plots is related to H…H contacts. The O…H (34.1 %) in (I) and the H…Cl (20.2 %) in (II) are the characteristic intermolecular contacts in the corresponding structures, monitoring as two pairs of H-bond spikes for O…H and two sharp spikes for H…Cl. Furthermore, the structure (I) does not show the C…H interaction, whereas (II) including unsaturated carbon atoms manifests such interaction (5.7 %) as two very short spikes.
Introduction
Tin complexes are of great interest because of their unique properties in medicine, industrial applications and biological systems [1] [2] [3] [4] . Among which the tin-phosphoryl complexes have received considerable attention due to the diverse structural features known for phosphoryl-donor ligands [5] and various applications such as anti-bacterial [6] , anti-HIV [7] and anti-cancer [8] activities and also agricultural uses [9] and enzyme inhibitory [10] for phosphoryl compounds.
Up to now, different families of phosphoryl compounds, with different coordination environment at the P atom Abstract Hirshfeld surfaces and two-dimensional fingerprint plots are used to visualize and analyse intermolecular interactions in two new organotin(IV)-phosphoryl complexes: [Sn(CH 3 ) 2 4 environment with the axial positions occupied by methyl groups and with the oxygen atoms of Sn-O bonds located at the equatorial plane, while the oxygen atoms of OCH 3 groups do not take part in the coordination interaction. In (II), the asymmetric unit contains one complete molecule and the tin centre has an Sn[C] 2 [Cl] 2 O trigonal bipyramid coordination environment, where the phosphoric triamide ligand and one of the chlorine atoms are placed in axial positions. Hirshfeld surface analysis on the asymmetric unit of (I) shows a contribution of 5.9 % of total interactions in crystal for Sn…O contacts related to involving of four-coordinated Sn site of asymmetric unit with two oxygen atoms of two neighbouring phosphates in the coordination polymer. The Sn centre 1 3 have been used in preparation of tin complexes, for example compounds with [N] 3 P(O) [11] [12] [13] [20, 21] segments. Moreover, different coordination environments [22, 23] and coordination numbers [24, 25] at the Sn atom and also coordination modes (monomer [20] , dimer [18, 26] , polymer [27] [28] [29] and so on [30, 31] ) and crystal packing diagrams have been found among through the tin-phosphoryl complexes structures deposited in the Cambridge Structural Database (CSD, version 5.35, February 2014 update) [32] .
In this work, we report two complexes of organotin(IV): a novel one-dimensional coordination polymer with the formula [Sn(CH 3 ) 2 [33] .
Experimental

Materials and measurement
Dimethyltin(IV) dichloride, diethyl amine, 4-methyl piperidine, p-toluidine, phosphoryl chloride, phosphorus pentoxide and methanol were commercially available. Chloroform was dried with P 2 O 5 and distiled prior to use. The synthesis of the ligand [(C 2 H 5 ) 2 N] 3 P(O) was performed by a literature procedure [34] . IR spectra were recorded on a Buck 500 scientific spectrometer using a KBr disk. For (I), data collection using Mo-K α radiation (λ = 0.71073 Å) was performed with a STOE IPDS II diffractometer with graphite monochromator and was solved and refined using fullmatrix least squares on F 2 with the SHELX-97 [35] . Data for (II) were obtained at 120 K on a single crystal diffractometer Gemini with mirrors-collimated Cu-K α radiation (λ = 1.5418 Å), solved by the charge flipping algorithm of Superflip [36] and refined by Jana2006 [37] .
Synthesis 
Results and discussion
Crystal structure
The summary of crystallographic data for (I) and (II) is given in Table 1 and selected bond lengths and angles are listed in Tables 2 and 3. In the coordination polymer (I), the asymmetric unit ( Fig. 1) [33, 38, 39] . Two longer additional Sn-O bonds from the oxygen atoms of two adjacent phosphate groups (2.237(2) and 2.241(2) Å) connect the molecules into one-dimensional coordination polymer ( Index ranges As shown in Fig. 3 , the intermolecular C-H…O interactions (labelled (a) for C5-H5b…O7-C8 and labelled (b) for C6-H6b…O2-Sn1) exist between the adjacent one-dimensional coordination polymers and form a threedimensional array in the crystal.
The asymmetric unit of (II) (Fig. 4) A pair of these Sn…Cl interactions (3.8322(6) Å) form a dimer (Fig. 5) , in opposite to the Sn…O interactions in structure (I) which connect molecules into a coordination polymer.
As expected from a trigonal bipyramidal geometry, the axial bond length of Sn1-Cl1 (2.5580(7) Å) is longer than the equatorial Sn1-Cl2 bond length (2.3596(6) Å). This is in agreement with the deposited analogous structure found in the CSD C 20 H 50 Cl 6 N 6 O 4 P 2 Sn 2 (PAGVUQ) [38] , where the five-coordinated tin atom has Sn-Cl axial of 2.414(1) Å and Sn-Cl equatorial of 2.385(1) Å. Moreover, in recently published structure by Pourayoubi et al. (2014) , similar result was found: Sn-Cl axial of 2.5154(7) Å and Sn-Cl equatorial of 2.3497 (7) Å.
The phosphoric triamide ligand is coordinated to the tin centre through the oxygen atom of P═O group. The tetrahedral configuration at the P atom is significantly distorted (14) O1-P3-N3 108.79 (9) In the structure (II), the intermolecular N2-H1n2…Cl1 hydrogen bonds connect molecules in a 1D arrangement along a axis (Fig. 6) , where the chlorine atom is the one located at the axial position of Sn.
Hirshfeld surface analysis
The Hirshfeld surface [39] of a molecule in a crystal is constructed by partitioning space in the crystal into regions where the electron distribution of a sum of spherical atoms Fig. 2 A view of one-dimensional coordination polymer of (I). Colour keys for the atoms: Sn purple, P orange, O red, C light grey, H light blue Fig. 3 A view of threedimensional array of (I) built from C-H…O hydrogen bonds (marked (a) and (b)) between adjacent one-dimensional coordination polymers. The H atoms not involved in hydrogen bonding have been omitted for the sake of clarity and the Sn atoms are shown as big purple balls. Colour keys for the other atoms are as the same as in Fig. 2 for the molecule (promolecule) dominates the corresponding sum over the crystal (procrystal).
For each point on the Hirshfeld surface, the parameters d e and d i describe the distances from a point on the surface to the nearest nucleus outside and inside the surface, respectively [40] . The d norm value is the sum of the normalised quantities of d i and d e by considering the van der Waals radius of atoms involved. This value graphically highlights the regions of the surface involved in a specific type of intermolecular contact by a coloured scheme: red for intermolecular contacts with distances closer than the sum of van der Waals radii; blue and white for contacts, respectively, longer than and equal to the sum of van der Waals radii [41] .
The 2D fingerprint of the Hirshfeld surface represents a method for indicating types of intermolecular interactions and also the relative area of the surface corresponding to each kind of interaction. This method provides a 'fingerprint' of the intermolecular interactions in the crystal and a visual summary of the frequency of each combination of d e Fig. 4 Molecular structure and atom labelling scheme for compound (II) with displacement ellipsoids at the 50 % probability level , d i ) pair. Points on the plot with no contribution on the surface are left uncoloured, and points with a contribution to the surface are coloured [42] .
The Hirshfeld surfaces, mapped with d norm , and 2D fingerprint plots of complexes (I) and (II) were generated using Crystal Explorer 3.1 [43] , Figs. 7, 8, 9, 10. As it is observed in Fig. 7 for complex (I), on the surface mapped, two large hollow red regions on the right side of the figure are related to the Sn…O close contacts. Such contacts between the Sn centre within the Hirshfeld surface and the oxygen atoms of phosphate outside of this surface are responsible for the polymeric structure of (I). On the other hand, two large red bumps on the left of the figure are related to Sn…O contacts, with the oxygen atoms within the surface and Sn outside the surface. In addition to the noted interactions, the pale red spot, related to H…H contacts, and smaller light red areas, related to two types of O…H interactions, are shown in Fig. 7 . The H…H contacts are related to the interactions between the H atoms of two adjacent Sn-CH 3 parts while the O…H contacts are the ones discussed in the section related to crystal structure and Fig. 3 .
In complex (II), the secondary Sn…Cl interactions (noted in the previous section) are shown in the Hirshfeld surface as two light red spots. Moreover, the N-H… Cl interactions discussed can be seen as the deep red spot (Fig. 8) . The other light red spots appeared in this figure are related to the C-H…Cl and H…H interactions.
Fingerprint plots
Figures 9 and 10 illustrate two-dimensional fingerprint plots (FPs) of the Hirshfeld surfaces for structures (I) and (II), respectively. The Figs. 9a-c and 10a-c indicate division contributions of different interactions which overlap in the full fingerprint plots (Figs. 9d, 10d) .
The FPs in Figs. 9a and 10a depict H…H contacts as one distinct spike in each figure with a shortest contact near 1.8 Å for (I) and 2.3 Å for (II) (i.e., the minimum value of d e + d i which is less than sum of van der Waals radii for hydrogen atoms [44] ). It should be noted that for both structures, the H…H contacts represent the largest relative contribution of 59.1 % for (I) and 73.9 % for (II). The characteristic intermolecular contacts in (I) and (II) are O…H (34.1 %) and H…Cl (20.2 %), respectively.
Figure 9b exhibits two pairs of H-bond spikes for two different C-H…O hydrogen bonds in (I). The longer spike corresponds to the C-H…O hydrogen bond with H…O near 2.6 Å, while the shorter spike corresponds to slightly longer distance of C-H…O hydrogen bond (near 2.7 Å). In (II), no the H…O interaction exists; instead, we can see in Fig. 10b the points related to the N-H…Cl and C-H…Cl contacts. However, both spikes in this The Sn…O close contacts in (I) are viewed as two sharp spikes in Fig. 9c ; whereas, the Sn…Cl interactions in (II) represent only negligible portion of the total interactions. Furthermore, the structure (I) does not show the C…H interaction; whereas, (II) with unsaturated carbon atoms manifests 5.7 % of such interaction as two very short spikes in Fig. 10c . Finally, the full FPs of each structure are given in Figs. 9d and 10d .
The relative contributions of various intermolecular contacts are summarized in Table 4 . From this analysis, the decisive role of weak interactions such as H…H, 
